The signal broadening due to XPM in OQK-WDM systems is evaluated for asynchronous channels including walk-off and dispersion compensation, and it is shown it can be described by an equivalent laser linewidth'"
I. Introduction
In Intensity-Modulated/Direct-Detection (IM/DD) Wavelength-Division Multiplexed (WDM) transmission systems, XPM induces a broadening of the signal spectrum so that a wider optical filter bandwidth is required at the receiver [l] . This degrades the system performance, because more spontaneous emission noise enters the receiver. Moreover, the deleterious effects of dispersion, which are larger on a wider spectrum, could become considerable in a multistage amplified system. We show that the effect of XPM on signal spectral broadening, in the case of an On-Off Keying (OOK) NonReturn-toZero (NRZ) system. is similar to the one induced by laser phase noise, so that it can be accounted for by an equivalent linewidth Aveq. Consider first the case of no walk-off [2] among the N channels. The complex envelope of the OOK modulated signal s (s=1 N) at the input of the fiber, is A, (O,t 
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where P,(z) = Ps(0)e-at, R,(
is the contribution of the QOK/NRZ modulation [4], E+(') = e--7FAv1T1 is the contribution of the laser phase noise and R X P M ( T )
is the XPM contribution. Note that in the case of a perfect OON/NRZ transmission system, the SPM gives no contribution to the expression of the signal autocorrelation, that is SPM doesn't induce any spectral broadening in this case. In the case of a large number N of input channels, the distribution of the random phase process ONL ( z , t ) becomes approximately gaussian, so that in the interval I T 1 5 T , we can approxi-
mate R X P M ( T )
= e--?rAv*q171, where the equivalent linewidth is found to be:
where y is the nonlinear coefficient, L e j j ( z ) is the effective length, and the summation is extended over all the N -1 interfering p channels. In the re-
takes the constant value
R X P M ( T )
= this is due to the limited correlation of the random input process B, (O, t ) . In the next paragraph we'll show by simulation that the broadening due to XPM is essentially the same as that due to an equivalent phase noise with linewidth as in (1). Note that the signal spectral broadening is proportional to the number N of channels and to the square of the signal input power Pp (0) . When relative channel walk-off is considered, it is still possible to define an equivalent linewidth: 
Results
In this section we show simulation results, obtained by the Beam-Propagation Method (BPM), of an OOK/NRZ transmission system in the case of singlestage and multi-stage links with ideal amplifiers, in order to verify equation (1). In Fig.la we plot Aveq in (1) vs. the input channel power, for a single span of z = 85 km and 8 and 16 channels. Note that the equivalent linewidth Aueq can be much larger then the laser linewidth at high bit rates. In Fig.lb the power spectrum of the signal after propagation in a non-dispersive fiber is shown in the case P,(O) = 10 mW and N = 8 channels both theoretically using (1) and by BPM simulation. The input OOK spectrum is also shown. There is a good match between the theory and the simulations. Fig.2 shows the same curves as in Fig.1 , but applied to the multi-stage compensated system composed of M = 5 spans of Nonzero Dispersion (NZD) fiber and standard Single Mode Fiber (SMF), shown in Fig.3 . The effect of channel walk-off is now included in eq. (2), for which an analytical form is available [5] . Comparing Figs. l a and 2a, we note the much reduced sensitivity to the number of channels in the presence of walk-off. Again, there is a very good match between the BPM simulation and the theoretical curve using (2). Such good match can be attribuited to the low dispersion of the transmission fiber (-2 p s l n m l k m ) and to the presence of dispersion compensation which drastically reduces the distortion due to chromatic dispersion. 
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Conclusions
We have found an analytical closed formula for the spectral broadening due to XPM in OOK/NRZ transmission systems in the presence of asyncronous input channels. We have proved by simulation that the XPM-induced signal broadening is similar to the one induced by laser phase noise, and an equivalent linewidth Aveq is given. The effective laser linewidth can be usefully utilized to infer the system performance from well-know results derived for systems impaired by laser phase noise [l] .
